containing 34.2 g of sodium dihydrogenphosphate dehydrate (6.8 g of P/100 ml) was slowly added with stirring at room temperature. A gelatinous precipitate was allowed to stand overnight at room temperature, and then at 90° C for 3 h. The precipitate was collected by filtration and washed with deionized water until the washings became free of chloride ion. The resultant product was heated at 800°C for 3 h in an electric furnace, and then ground in a ball mill for 2 h. Zirconium phosphate (ZrP) was also prepared as a reference adsorbent in the ammonia adsorption according to the literature. 15 Reagents and apparatus A stock solution containing 0.100 g NH3-N was prepared by dissolving 0.3819 g of ammonium chloride (special grade, Wako Pure Chemical Ind. Ltd.) into deionized water and diluting it to 11. The standard solution was prepared by diluting it with water. All other reagents used were of analytical grade.
A Shimadzu UV-265FW spectrophotometer was used to measure the absorbance for the determination of ammonia. The pH of the solution was measured with a Horiba F-22 pH meter. The metal ions in the aqueous solution were determined by the ICP-AES method using a Seiko SPS-1200A.
Determination of ammonia
Ammonia in the aqueous solution was determined spectrophotometrically by indo-thymol blue method.l-3
Experimental
Preparation of copper zirconium phosphate (ZrP-Cu)
To a 200 ml aqueous solution containing 13.5 g of copper(II) dichloride dihydrate (5.0 g of Cu/200 ml) and 35.3 g of zirconium(IV) dichloride oxide octahydrate (10 g of Zr/200 ml), a 100 ml of phosphate solution Ammonia preconcentration performance of ZrP Cu by a flow method A Witt's filter apparatus with a filter holder (Sartorius, Ltd.) and a piece of membrane filter paper (Millipore filter HOWPO 4700, 0.45 µm in pore size, 47 mm in diameter), which had already been reported in our previous paper16, was used to concentrate ammonia by a flow method. At first, the ZrP-Cu bed was formed on ANALYTICAL SCIENCES FEBRUARY 1996, VOL. 12 the membrane filter paper by suction filtration of about 100 ml of the suspension containing 1.0 g of ZrP-Cu. Then, 0.1 to 101 of the sample solution, the pH of which had been adjusted to 11 with a 1.0 M NaOH solution, was passed through the ZrP-Cu bed by suction at a flow rate of 100 ml min 1. The adsorbed ammonia was eluted quantitatively by passing 35 ml of 1.0 M HCl through the bed at the same flow rate (100 ml min 1). By passing 200 ml of 0.1 M NaOH and following 100 ml of water, the adsorption ability of the ZrP-Cu bed was regenerated for the next run.
Results and Discussion
Properties of ZrP Cu The ZrP-Cu used as an adsorbent was a blue-tinged white powder. The average size of agglomerated particles was about 2.5 µm, and the specific surface area was 1.5 m2 g-l. The powder was stable in both acidic and basic media at room temperature. No desorption of copper(II) ions from ZrP-Cu was observed, even in 3 M HCl and 6 M NaOH at room temperature.
Chemical composition of ZrP Cu
About 0.1 g of ZrP-Cu powder was dissolved in a mixture of 3 ml of HF (46%), 5 ml of HCl (35%) and 20 ml of water with heating at 80° C for 1 h. The resultant clear solution (about 26 ml) was cooled to room temperature and transferred into a 50-ml flask, followed by dilution to the mark with water. The concentrations of copper, zirconium and phosphorus in the solution were determined by the ICP-AES method. The analytical results indicated the presence of 0.0219 g of Cu, 0.323 g of Zr and 0.218 g of P in 1.00 g of ZrP-Cu. Thus, the chemical composition of the adsorbent, ZrPCu, can be written as ZrH1.8Cuo.1(P04)2.
Effects of pH and immersing time on the adsorption of ammonia
The effects of the pH and stirring time on the adsorption of ammonia on ZrP-Cu or ZrP were examined by the batch method. To 100 ml of sample solutions containing 1.5 µg to 50 mg of ammonia at different pH ranging from 1 to 13, adjusted with dilute HCl and NaOH, 1.0 g of ZrP-Cu or ZrP was added and the resultant suspensions were stirred for 1 min to 2 h. The suspensions were then filtered and a portion of the filtrates was taken in order to determine the amount of ammonia remaining in the filtrates. The amount of ammonia adsorbed on the adsorbent was calculated from the difference in the amounts of ammonia added and that remaining in the solutions.
The results for ZrP-Cu are shown in Fig. 1 by the curve with open circles. The adsorption of ammonia starts at pH 5.5, and the percentage of adsorption increases along with the increase in pH up to 11. At pH> 11, ammonia in the solution is adsorbed quantitatively on ZrP-Cu. This result suggests that ammonia is adsorbed on ZrP-Cu in the form of a molecule, but not as ammonium ion. The curve with triangles in Fig. 1 shows the ammonia adsorption capacity of ZrP as a function of the pH. The curve has a maximum at pH 5 to 7; even at the best capacity only 50% of ammonia was adsorbed. This pH dependency of the capacity suggests that the ammonia is adsorbed in the form of ammonium ion by an ion-exchange reaction with protons on ZrP.
The saturated adsorption capacity, which was measured in a solution containing an excess amount of ammonia, increased along with an increase in the pH, and reached at the maximum value 14.7 mgNH3-N (1.05 mmol)/ 1.0 g of ZrP-Cu, at a pH of about 11. This value indicates that 0.35 mmol of copper ion in 1.0 g of ZrP-Cu can adsorb about 3x0.35 mmol=1.05 mmol of ammonia.
The amount of ammonia adsorbed on ZrP-Cu was about 94% of the full adsorption just after starting the experiment, then increased along with an increase in the immersing time, reaching the maximum adsorption after 1 h.
Desorption of adsorbed ammonia
To desorb the ammonia adsorbed on ZrP-Cu, the following test was carried out. After the pH of 100 ml of suspensions containing 1.0 g of ZrP-Cu with 10.0 sg NH3-N adsorbed was adjusted to various values and the suspensions were stirred for 1 h at 25°C, the adsorbent was removed by filtration, and the ammonia concentration in the filtrate was determined. The results are indicated in Fig. 1 by the curve with filled circles, where the percentage of ammonia desorbed is plotted against the pH. It can be seen that the ammonia adsorbed on ZrP-Cu was desorbed quantitatively at pH <4.
The desorption rate of the ammonia adsorbed on ZrP- 
Effect of diverse ions on ammonia adsorption
The effect of diverse ions in river water on the adsorption of ammonia on ZrP-Cu was examined. To 100 ml of an aqueous solution containing 10.0 sg NH3-N and diverse ions at pH about 11, 1.0 g of ZrP-Cu was added; the mixture was then stirred for 1 h. After filtration, the ammonia adsorbed on the ZrP-Cu bed was desorbed by passing 35 ml of 1.0 M HCI; the concentration of ammonia in the eluate was then measured.
The Application to the determination of ammonia in environmental water samples A one liter water sample was taken and a small amount of 10 M NaOH was added to adjust the pH to about 11. After spiking it with a known amount of ammonia, if necessary, the solution was passed through a ZrP-Cu bed. Then, 35 ml of 1.0 M HC1 was passed in order to desorb ammonia from the bed; its concentration in the eluates was then determined. The results obtained for Yamato river and Osaka bay water samples are given in Table 1 . The analytical results show that the proposed method is excellent both in precision and simplicity for the determination of trace amounts of ammonia in environmental water. 
